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© Polyethylene blends. 

© A composition of matter comprising: (a) 5 to 40 weight percent inclusive of a low molecular weight ethylene 
resin made using a titanium catalyst system said resin having a density greater than 0.955 grams per cubic 
centimeter, a melt index greater than 25 grams per 10 minutes, and a heterogeneity index between 2 and 8 
inclusive; and (b) 60 to 95 weight percent inclusive of a high molecular weight ethylene copolymer resin made 
using a chromium catalyst system said resin having a density of at least 0.93 grams per cubic centimeter, a high 
load melt index between 1.5 and 15 grams per 10 minutes, and a heterogeneity index between 6 and 100 
inclusive; wherein said composition of matter has a melt index greater than 0.05 grams per 10 minutes. 
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BACKGROUND OF THE INVENTION 



This invention relates to polyethylene blends. ^ hlo „p a hlend with 

It is known in the art to blend components with dissimilar characteristics to achieve a Wend with 

Zd. or^mSnent can interact producing a blend that is only the mere aggregation o, the separate 

OT CSc blends are very desirable for applications such as pipes, films, and bottles. However 
,o each^S^eSS a resin tailored for that particular application. Furthermore, each of these tailored 
resins ab jured by many performance attributes. While it is possible to improve one attribute it . often 
necessary iotd a compromise of the various attributes in order to find a resin wh,ch fulfills the customers 

reqU Stnvention provides an improved compromise of characteristics thereby increasing the availably of 
75 possible solutions to consumer demands. 

SUMMARY OF THE INVENTION 

it an obiect of this invention to provide an improved polyethylene blend. 

I is a^Ser objlc! of this invention to provide a polyethylene blend with an improved environmental 

S *Tesf aT '^objects of this invention wil, become apparent to those skilled in the art from the 

m Z!^^T^!^^ o' -after is provided comprising: (a) 5 to 40 weight 
oercen in ^^uie ofTL molecular weight ethylene resin made using a titanium catalyst system said resin 
K.^^Si^h-n 0.955 grams per cubic centimeter, a melt index greater than 25 grams per 10 
2s and a hetTgeneitv index between 2 and 8 inclusive; and (b) 60 to 95 weight percent ,nclus.ve of 
^ah ^^.^3^00 copolymer resin made using a chromium catalyst system sad resm 
a h.gh molecu ar we gnt «ny»ns , p y centimeter> a nigh | oad melt index between 1.5 and 15 

matter has a melt index greater than 0.05 grams per 10 minutes. 
DETAILED DESCRIPTION OF THE INVENTION 

The composition of this invention comprises two components. The first component comprises a low 
molirweXohyethylene made using a titanium catalyst system. The second component compr ses a 
SSSSLSi- ie'ght polyethylene made using a chromium cata.yst system. These two components are 
blendTd together to provide a polyethylene blend which has desirable properties. Further information 
concerning the characteristics of these two components is given below. ^iti^ 
PolveLlene is a thermoplastic material available in a wide range of flow rates and densities. 
Polyene offer usef^^es such as toughness at a variety of temperatures, stiffness ranging from 
Sle to rtgld. 2 well as excellent chemical resistance. Currently, polyethylene can be fabricated and 
nrocessed bv most known thermoplastic processes in the art. ... ^„ oll> , anc t 

PdvethXne is generally classified primarily on the basis of two charactenst.es, namely, density and 
noJlV^yL^L as melt index). ASTMD 1248-84 (reapproved 1989) - * ~£ 
svLm for categorizing polyethylene resins. First, polyethylene res.ns are generally classed acco d ng to 
detTv Le Polyethylene has a nominal density between 0.910-0.925 grams/cubic centimeter (g/cm*) 
y e p n e S P 2y P :thy. P ene has a nominal density between 0.926-0.940 g/cm^; type » P*«y^ £ ; a nom.na 
1 , KoLJn OQ41 nq59 a/cm 3 " and type IV polyethylene has a nominal density of 0.960 g/cm or 
^wJS^TZJFJL* asVlow density resin. Type I. polyethylene is usually 
cSed a P s a medium" density resin. Type ... and IV po.yethylene resins are usua.ly classified as h,gh 

^llTneach density type there exists five different categories -•j**^ fJJJJ 
resin has a nominal flow rate greater than 25 g/10 min. at a temperature of 190 C and under a 2160 jjram 
weiaht load A category 2 polyethylene resin has a nominal flow rate greater than 10 and up to and 
nHnH nn 25 a/10 min A category 3 polyethylene resin has a nominal flow rate greater than 1 up to and 
ncud no 10 a To min A catgoy 4 po.yethylene resin has a nominal flow rate greater than 0.4 up to an 
Including ! O^/tO I A category 5 polyethylene resin has a nominal flow rate eoua, to or less than 0.4 



20 



25 



30 



35 



40 



45 



50 



55 



2 




EP 0 533 156 A1 



g/10 min. 

These types and categories of polyethylene resin can be made by various processes known in the art. 
For example, types I and II polyethylene can be made by a high pressure process which uses oxygen, 
peroxide and/or other strong oxidizers as a catalyst. Pressures of reaction ranging from 100 to 350 MPa are 

5 typically employed. Polyethylene resins formed in these types of processes are highly branched with short 
side chains occurring every 15 to 40 carbon atoms on the chain backbone. Furthermore, the crystallinity of 
these types of polyethylene resins is approximately 40 to 60 percent with the amorphous content of the 
polymer increasing as the density is reduced. 

On the other hand, types I, II, III, and IV polyethylene can be produced from such processes as slurry, 

w solution, or gas phase processes. These processes are generally known as low pressure processes. 
Catalysts used in these processes vary widely, but the most frequently used are transition metals in 
combination with metal halides or activated metal oxides. Reaction pressures normally fall within 0.25 MPa 
to 6 MPa. The polyethylene produced by these processes is more linear in nature, that is, little or no long 
chain branching occurs. Linear polyethylene of types I and H is approximately 50 percent crystalline and 

75 types III and IV can be as high as 85 percent crystallinity or more. Generally, polyethylenes made by a low 
pressure process which have a density below 0.960 are made by polymerizing ethylene with a small 
amount of comonomer such as propylene, 1-butene and/or 1-hexene. 

Low Molecular Weight Polyethylene Resin 

20 

The low molecular weight polyethylene resin must be produced from a titanium catalyst system. 
Exemplary titanium catalyst systems are broadly disclosed in U.S. Patents 4,394,291; 4,236,988; and 
4,347,158; which are hereby incorporated by reference. 

The low molecular weight polyethylene resin can.be any new or recycled ethylene resin. Generally, the 
25 characteristics of the low molecular weight polyethylene resin are those listed below in Table I. 

Table I 



Low Molecular Weight Polyethylene Resin Characteristics 


Characteristic 


Broad Range 


Preferred Range 


Most Preferred Range 


Density 1 

Heterogeneity Index 2 
Melt Index 3 
Weight Percent 4 


D £ 0.955 
H.I. ^8 
Ml> 25 
5 ^ W.P. ^ 40 


D k 0.96 
2< H.I. £ 7 
30^ M.I. S 1500 
8 S W.P. £ 35 


0.96 ^ D S 0.98 

2 £ H.I. S 6 
75^ M.I. ^ 1000 
10 < W.P. *33 



1 Density is in grams per cubic centimeter. 

2 The Heterogeneity Index is a measure of the molecular weight distribution. This is a 
valuable indicator of a resin's usefulness in certain applications. It is the weight average 
40 molecular weight divided by the number average molecular weight. 

3 Melt Index is in grams per 10 minutes at FR-1 90/2.1 6. 

4 The Weight Percent is based on the total weight of both the low molecular weight 
polyethylene resin and the high molecular weight polyethylene resin. 



The low molecular weight polyethylene resin generally has a very low environmental stress crack 
resistance (ESCR). 

High Molecular Weight Polyethylene Resin 

The high molecular weight polyethylene resin must be produced from a chromium catalyst system. 
Exemplary chromium catalyst systems are broadly disclosed in U.S. Patents 3,887,494; 3,900,457; 
3,947,433; 4,053,436; 4,151,122; 4,294,724; 4,364,839; 4,364,841; 4,364,841; 4,392,990; and 4,405,501; 
which are hereby incorporated by reference. 

The high molecular weight polyethylene resin can be any new or recycled ethylene copolymer resin. 
The comonomer used to produce the copolymer is generally an alpha-olefin with about 3 to about 20 
carbon atoms per molecule. Preferably, the comonomer has from about 3 to about 10 carbon atoms per 
molecule and most preferably from about 3 to about 8 carbon atoms per molecule. Examples of alpha- 
olefins useful in this invention as comonomers are propylene, 1-butene, 3-methyl- 1-butene, 1-pentene, 3- 
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^n, cZn»S,rG.ne,,,lv. th. ch^cteriste 0. .« high mota*, »igh, polyene . « 
those listed below in Table II. 

Table II 



70 
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Hiah Molecular Weight Polyethylene Resin Characteristics 


Characteristic 


Broad Range 


Preferred Range 


Most Preferred Range 


Density 1 

Heterogeneity Index 2 
High Load Melt Index 3 
Weight Percent* 


D ^ 0.93 
6^ H.I.S 100 
1.5 < H.L.M.I. < 15 
60 £ W.P. < 95 


0.94 ^ D < 0.975 

6 £ H.I. £ 75 
2 £ H.L.M.I. < 12 
65 < W.P. £ 92 


0.95 £ D < 0.965 

6 ^ H.I. ^ 50 
2S H.L.M.I.* 10 
67 < W.P. £ 90 



1 See footnote 1 Table I. 
2 See footnote 2 Table I. 

3The High Load Melt Index is in grams per 10 minutes at FR 190/21.60. 
4 See footnote 4 Table I. 
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The high molecular weight polymer resin generally has a very high ESCR. Usually the ESCR of these 
polymers are so high that they cannot be practically measured. 

Bl ending of Components 

The blending of the components can be accomplished by any method known in the art which produces 
a homoaeneous blend from two polymer resins. Standard polymer processing equipment can be used to 
^5S?SnSr»ra8. for example, single screw extruders, twin screw extruders, and continuous 
Txers AdditionaJy during blending, other components can be added to the blend. These components an 
Tan ioxSants ul stabilizers, preservatives, and processing aids such as fluoroelastomers. After blending 
TJZSS** th\ resin be'easy to process. Generally, this means that the melt ^J££j£ 
blend needs to be greater than 0.05 grams per 10 minutes. Preferably, the melt ,ndex of the blend « from 
0.1 to 5 grams per 10 minutes (0.1 £ M.I. S 5). 

EXAMPLE 

This example is provided to further assist a person skilled in the art with understanding this Invention. 
The pa^T reactants conditions, and the like, are intended to be genera,* illustrative of th,s .nvent.on 
and are not meant to be construed as unduly limiting the reasonable scope of th.s invention. 

The following test methods were used to determine the properties of the polyethylene samp es. 
,1) The density was determined in accordance with ASTMD 1505-85. This is a standard £ *» 
determining the density of plastics. The density is reported in grams per cubic centimeter (D - g/cm ) 
2 TheTow rate was determined in accordance with ASTMD 1238-65T. This is 
o determining the flow rate of a thermoplastic. Two different conditions were used to deter rmne the f low 
a e Condition 1 consisted of a temperature of 180* C and a total load of 2.18 ^ S J^^ 
which is aiso called the melt index. Condition 2 consisted of a temperature of 190 C and a total load 
weight of 21.60 kilograms (FR-1 90/21 .60) which is also called the high load melt 

a) The environmental stress crack resistance was determined in accordance with ASTMD 1693 70. This 
^nSSZ method for determining the environmental stress ^'^p^^ 
plastics. The test specimens were prepared by the following procedure ASTMD 1928-80 Procedure C. 
The condition that the test was run at was condition A. The ESCR is reported m hours. 
(4) The heterogeneity index (Mw/Mn), which is the weight average molecular weight (Mw) d vided by the 
umber aSe molecular weight (Mn), was determined using data collected by gel pe^eation 
cTomatography This gel permeation chromatography was accomplished with a Waters 150C chromato- 
graph !TK? C with 1 2,4 trichlorobenzene as a solvent. This is a standard test method for determmmg 
weight and number average molecular weights and molecular weight distributions. 
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Blend Preparation 

The low molecular weight polyethylene resins and the high molecular weight polyethylene resins were 
stabilized with 0.05 weight percent of BHT (butylated hydroxytoluene), 0.03 weight percent of DLTDP 
(dilauryl thiodipropionate), and 0.04 weight percent calcium stearate based on the total weight of the resin. 
These two polyethylene resins were premixed in a container by agitation then they were placed in a mixer 
for more complete blending. In general, the blending was conducted in a Midget Banbury mixer at a 
temperature between 150° C to 160* C for approximately 5 minutes at a mixing speed of 130 rpm and any 
large pieces were then ground in a mill. 

Table E1 



75 



Low Molecular Weight Polyethylene Resin 


Number 


Melt Index 


Density 


Mw/Mn 


L1 


304 


0.9686 


3.7 



20 



Table E2 



25 



High Molecular Weight Polyethylene Resin 


Number 


Melt Index 


Density 


Mw/Mn 


H1 


1.6 HLMI 


0.9604 


21.4 


H2 


2.4 HLMI 


0.9599 


22.9 



30 



Table E3 





Polyethylene Blend 




Number 


Composition 


Melt Index 


HLMI 


Density 


ESCR 


35 


B1 


33%L1 +67%H1 


0.20 


70 


0.9665 


165 (Condition A) 




B2 


22% L1 +78%H2 


0.14 


38 


0.9599 


>1000 (Condition A) 



40 



Table E4 
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Comparison Polymers 


Number 


Melt Index 


Density 


ESCR 


C1 


0.3 


0.949 


500 


C2 


0.35 


0.952 


50 


C3 


0.35 


0.957 


45 


C4 


1.0 


0.957 


30 


C5 


0.75 


0.964 


15-20 



The comparison polymers are all polyethylenes resins. They are all made from chromium catalyst systems 
except for HHN 5710 which was made from a titanium catalyst system. They can be obtained from the 
Phillips Petroleum Company as HHM 4903, HHM 5202, HHM 5502, HHN 5710, and EHM 6007, respec- 
55 tively. 

Comparing the polyethylene blends of Table E3 with the Comparison Polymers of Table E4 it is 
apparent that blends B1 and B2 have a superior ESCR to all of the Comparison Polymers where the melt 
index and density are comparable. The only Comparison Polymer which has an ESCR greater than 50 also 
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h as a much .ower density of 0.949g/cm3. The densities of the inventive b.ends are significant* higher than 
Comparison Polymer C1's density. 
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*z^^<^^ ™ ,ecuiar weight ethy,ene resin m : de u t \tt:::?^ 

ystem said Tsi having a density greater than 0.955 grams per cub.c centimeter a me t ,ndex 
the range of 6 and 100; 

wherein said composition of matter has a melt index greater than 0.05 grams per 10 minutes. 
50; 

wherein said composition of matter has a melt index greater than 0.05 g/10 min. 

. A composition of matter according to Cairn 3 wherein -id copoiymer is 

comonomer selected from the group cons.st.ng of P^f^'f ^. J J^^^^V ^j^es hereof. 
3-methyl-1-pentene, 4-methyl-l-pentene, 1-hexene, 3-ethyl-1-hexene, 1-octene, or mixtures 

, An article produced with a composition of matter according to one of the preceding claims, wherein 
said article is a film, a bottle or a pipe. 
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